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Abstract
Perceived life expectancy (PLE) is predictive of mortality risk in older adults, but the factors
that may contribute to mental conceptions of PLE are unknown. We aimed to describe the
sociodemographic, biomedical, behavioral, and psychological predictors of self-reported
PLE estimates among older English adults. Data were from 6662 adults aged 50–79 years
in the population-based English Longitudinal Study of Ageing (cross-sectional sample from
2012/13). PLE was assessed in the face-to-face study interview (“What are the chances you
will live to be age x or more?” where x = current age plus 10–15 years). Responses were cat-
egorized as ‘low’ (0–49%), ‘medium’ (50–74%), and ‘high’ (75–100%). Adjusted prevalence
ratios (PRs) and 95% confidence intervals (CIs) for low vs. high PLE were estimated using
population-weighted modified Poisson regression with robust error variance. Overall, 1208/
6662 (18%) participants reported a low PLE, 2806/6662 (42%) reported a medium PLE, and
2648/6662 (40%) reported a high PLE. The predictors of reporting a low PLE included older
age (PR = 1.64; 95% CI: 1.50–1.76 per 10 years), male sex (PR = 1.14; 95% CI: 1.02–1.26),
being a smoker (PR = 1.39; 95% CI: 1.22–1.59 vs. never/former smoker), and having a diag-
nosis of cancer or diabetes. A low sense of control over life was associated with low PLE, as
was low satisfaction with life and worse self-rated health. Those with a higher perceived
social standing were less likely to report a low PLE (PR = 0.90; 95% CI: 0.87–0.93 per 10-
point increase, out of 100). This study provides novel insight into potential influences on
older adults’ expectations of their longevity, including aspects of psychological well-being.
These results should be corroborated to better determine their implications for health-
related decision-making, planning, and behavior among older adults.
Introduction
Perceived life expectancy (PLE), the lifespan an individual anticipates to have remaining, is
thought to have implications for health-related decision-making, planning, and behavior [1].
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Many health-related decisions such as whether to participate in cancer screening, quit smok-
ing, follow a particular treatment course for type II diabetes, or adhere to a physical exercise
regime all represent investments in future health [2]. Such decisions may, in part, depend on
how much ‘future’ one expects to have. This issue is of particular salience to older adults, who
have highly variable and diminishing remaining life expectancies due to increasing age-related
risks for chronic and acute conditions. Importantly, PLE is associated with mortality risk over
two-year and eight-year periods among American men and women aged50 years, indicating
that older adults are reasonably good at assessing their remaining years [3]. With the aging
structure of populations worldwide, whereby the number of adults over 80 is expected to triple
to 434 million by 2050 from 125 million in 2015 [4], research on the influences upon PLE in
older adults and the consequences of PLE for health-related outcomes is now more important
than ever before.
To date, scientific interest in PLE has mainly been in relation to its effect on economic deci-
sion-making and planning, such as retirement transitions and financial savings [5–8], although
there is a small and growing body of evidence associating PLE with health-related outcomes.
In a sample of 370 adults who had been ‘prescribed’ exercise for rehabilitation, Ziegelmann
and colleagues showed that those with low longevity expectations at baseline were less likely to
adhere to exercise recommendations over a one-year follow-up [9]. Cross-sectionally, PLE has
been associated with smoking status and alcohol consumption in men, attendance at mam-
mography screening in women, but has been inconsistently associated with diet and exercise
in men and women [10–12]. Prospectively, PLE has been shown to independently predict
long-term patterns of physical activity and smoking, and participation in colorectal cancer
screening among older adults [13,14]. Although further research is required to assess whether
PLE is causally related to mortality over and above its utility as an individual estimate of per-
sonal longevity, it may influence mortality risk through these suggested effects on health-
related behaviors.
While only these few studies have investigated PLE in relation to health behaviors and
other outcomes, additional evidence in this body of literature comes from research on the psy-
chological construct of time perspective (i.e. one’s preference for the past, present, or future).
A limited future time perspective is thought to have a negative effect on the planning and exe-
cution of health-promoting behaviors such as physical activity and cancer screening, which
involve short-term discomfort or costs for long-term benefits to health [15,16]. A future-ori-
ented time perspective has been positively associated with health behaviors such as participa-
tion in cancer screening, smoking cessation, better coping with HIV management, and greater
physical activity and fruit and vegetable consumption [16–21]. Although PLE is not the same
concept as time perspective, and there is a dearth of studies directly comparing these two mea-
sures, older adults with a low PLE may also often have a limited future time perspective due to
their perceived limited future lifespan.
PLE therefore may influence the timing of an individual’s life transitions and future long-
term patterns of their health-related behaviors, which would contribute to patterns of popula-
tion health and health care system use. However, beyond one’s current age and the ages of
one’s parents (either currently or at death), the factors upon which older people may base their
expectations of remaining life expectancy are not well understood [3,10]. Griffin et al proposed
a comprehensive theoretical model using a biopsychosocial framework of influences on PLE
[10]. The underlying premise of the model is that since PLE estimates tend to be reasonably
accurate when compared to actual mortality rates, the factors influencing PLE should be simi-
lar to actual mortality risk factors [10]. The model also draws upon the notion that individuals
develop internal representations about their likely ages at death based on their interpretations
of their personal experiences and contexts [22]. Therefore, the model includes biomedical
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factors (age, sex, age of parents, and number of health conditions), socioeconomic factors
(income and education), health behaviors (body mass index, smoking status, alcohol consump-
tion, physical activity, and diet), and psychosocial factors (optimism, psychological distress, and
social connectedness) [10].
When empirically tested in a population-based sample of 2759 Australian adults aged 57 to
67 years who were in paid work at the time, the statistically significant factors in the model
were age, age of parents, body mass index, smoking (in men), optimism, psychological distress
(in women), and social connectedness (in men) [10]. The three latter factors were the most
strongly associated with PLE, over and above the biomedical and behavioral factors. Psycho-
logical indicators of well-being are associated with all-cause mortality risk in older adults [23],
although little is known about their relationship with PLE aside from Griffin et al.’s testing of
their theoretical model [10]. If there truly is an association between psychological states and
PLE, their potential modifiability might make them good candidates for interventions to help
improve low expectations of the future, and in turn, improve health-related decision-making,
planning, and behavior among older adults.
This biopsychosocial model of PLE requires testing in other study samples, particularly
among elderly adults, and there are areas where it deserves to be improved upon. For example,
income can be a poor economic measure for older adults, who are often retired or have differ-
ent sources of earnings than working-age adults [24]. Rather, measures of total wealth adjusted
for retirement status are better economic indicators for older populations. Further, Griffin’s
original model operationalized health status as the sum total of health conditions a person had
been diagnosed with, rather than individual conditions such as heart disease, diabetes, or can-
cer, which are associated with differing risks for mortality. Finally, the dominance of the three
psychosocial factors in the model’s empirical testing indicated that psychological factors might
be a key influence over how people develop PLE estimations. If this were the case, then percep-
tions about social situations might matter for more PLE than objectively measurable indicators
of social position. For instance, feeling lonely or feeling that one is poor might be more impor-
tant than living alone or being poor for informing PLE estimations [24]. Indeed, previous
work shows that among older adults, perceived social status is a robust predictor of health out-
comes that reflects personal realities internalized from prevailing socioeconomic conditions
[24].
In this paper, we utilize Griffin et al.’s biopsychosocial model of PLE, refining and expand-
ing upon it with additional objectively measured socioeconomic and health status indicators
and subjectively measured psychological factors that capture internalized life circumstances.
Drawing upon the notion that people utilize knowledge of their current and recent health and
behavior to form expectations of their future longevity [3,10,22], we utilize a cross-sectional
sample where predictor variables and PLE were assessed in a single data collection episode.
The objective of this study was to investigate the sociodemographic, biomedical, health condi-
tion, health behavior, and psychological factors associated with perceived life expectancy in a
population-based sample of English men and women aged 50 to 79 years.
Materials and methods
The English longitudinal study of ageing
Data were from Wave 6 (2012–13) of the English Longitudinal Study of Ageing (ELSA), a pro-
spective cohort of English adults aged50 years [25]. The cohort was established in 2002,
based on a random stratified sample of English households (n = 12 100) [26]. All ELSA partici-
pants who completed data collection at Wave 6 and were aged 50–79 years with non-proxy
interviews were eligible for this analysis (n = 7909).
Biopsychosocial predictors of perceived life expectancy in a national sample of older men and women
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Ethical approval
The ELSA was approved by the London Multicentre Research Ethics Committee (MREC/01/
2/91) and informed consent was obtained from all participants. All procedures were conducted
in accordance with the ethical standards of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000.
Perceived life expectancy
PLE was assessed as part of the in-person study interview with the question, “What are the
chances you will live to be age x or more?” The variable x was defined as follows: if the partici-
pant was age 65 or under, x = 75; if age 66–69, x = 80; if age 70–74, x = 85; if age 75–79, x = 90;
if age 80–84, x = 95; if age 85–99, x = 100; if age 100–104, then x = 105; if age 105–109, x = 110,
if age 110–119, x = 120. The participant was presented with a show card with a scale from 0 to
100 to aid in his or her response.
PLE is a construct that tends to generate modal focal responses in research studies, which is
a type of cognitive bias where respondents will round their answer to values such as 0, 50, and
100 when responding on a 0 to 100-point scale, rather than responding on a truly continuous
scale [3,12,27]. In reality, life expectancy lies along a continuous scale without modal probabili-
ties. Responses of 0% and 100% are agreed to represent misunderstanding of risk and probabil-
ities, given that absolute certainty of an outcome such as mortality is nearly impossible to
predict [7,27,28]. These extreme modal responses can be smoothed through categorization of
responses at the upper and lower ends of the 0 to 100 scale [12]. Other focal points are thought
to represent real probabilities that lie close to the focal point in question, to which the respon-
dent has rounded his or her response [28].
In our sample, 7799/7909 (98.6%) eligible participants responded to the life expectancy
question. Of these, 257 (3.3%) responded with a probability of 0% (0.0) and 567 (7.3%)
responded with 100% (1.0). More common focal responses in our sample were 50% (1716;
22.0%), 70% (906; 11.6%), and 80% (1237; 15.9%). Fig 1 shows the full distribution of
responses. To smooth out any focal response errors, we categorized PLE as a three-category
variable of 0–49%, 50–74%, and 75–100% [26]. As only 19% of the sample was in the 0–49%
range, this category was not further split. There was strong correspondence between the PLE
estimates and all-cause 10-year mortality risk according the ELSA Mortality Risk Index
(Table A in S1 File) [29].
Predictors of PLE
For consistency with a theoretical biopsychosocial model of PLE among older adults [10], we
defined four domains of potential predictor variables: sociodemographic factors, biomedical
factors, health behaviors, and psychological factors. The variables we selected within each cate-
gory have either been empirically shown to be associated with PLE, or are plausibly associated
with PLE based on the biopsychosocial model [10]. We include additional socioeconomic and
health indicators, as well as psychological factors, which are associated with a range of self-
reported and clinical health measures and all-cause mortality risk among older adults [23,25].
The included variables are as follows:
Sociodemographic factors. Educational attainment (higher education; intermediate-level
education; no qualifications); net non-pension wealth in quintiles (calculated stratified at age
65 to account for the effect of retirement on wealth); and marital status (married or cohabiting;
single).
Biomedical factors. Current age (per 10 years); age at which mother died or current age
(per 10 years); age at which father died or current age (per 10 years); sex (male; female);
Biopsychosocial predictors of perceived life expectancy in a national sample of older men and women
PLOS ONE | https://doi.org/10.1371/journal.pone.0189245 December 14, 2017 4 / 16
presence of depressive symptoms (>3 out of 8 symptoms) [30]; and self-reported physician
diagnosis of cardiovascular disease (angina, heart attack, or stroke), cancer, diabetes, or
chronic lung disease (all yes vs. no). Body mass index (BMI) was measured for a subset of
ELSA participants who agreed to a nurse visit during their study interview (continuous and
stratified at<30 vs.30 to indicate obesity).
Health behaviors. Current smoking status (smoking vs. not smoking); drinking status in
the past year (abstainer; non-excessive drinker [less than five days per week]; excessive drinker
[five or more days per week]); daily fruit and/or vegetable intake (<5 vs.5 servings per day);
and weekly engagement in physical activity (none/mild vs. moderate to vigorous). These cate-
gories were selected for each variable because they reflect UK public health guidelines for life-
style behaviors and represent biologically meaningful thresholds associated with increased
risks of chronic disease and mortality, and [31–36].
Psychological factors. Scoring quartile for each domain of the CASP-19, a validated
19-item measure of quality of life that encompasses domains of life control (C), autonomy (A),
life satisfaction (S), and pleasure (P); loneliness according to the 3-item revised UCLA scale;
and, perceived social status (per 10 points out of 100 possible). The CASP-19 asks questions
such as, ‘I feel that what happens to me is out of my control’ (C), ‘I can do the things that I
want to do’ (A), ‘I feel satisfied with the way my life has turned out’ (S), and ‘I look forward to
each day’ (P), with response options of ‘never’, ‘not often’, ‘sometimes’, and ‘often’ [37]. The
UCLA loneliness scale asks participants questions such as ‘how often do you feel lonely?’ with
response options of ‘hardly ever or never’, ‘some of the time’, and ‘often’ [38]. Perceived social
status was assessed with an image of a ladder with ten rungs [25]. Participants were asked to
imagine the ladder representing society, where those best off were at the top of the ladder and
those worst off on the bottom, and to mark a cross on the rung where they would place them-
selves in society. The ladder was scored from 0–100 (10 points per rung). Self-rated health,
which captures aspects of both physical health and psychological well-being [39], was mea-
sured as ‘excellent’, ‘very good’, ‘good’, ‘fair’, and ‘poor’.
Fig 1. Distribution of responses to the perceived life expectancy interview question (%).
https://doi.org/10.1371/journal.pone.0189245.g001
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Statistical analysis
All predictor variables were examined bivariately against the PLE variable, using the chi-
squared test for categorical variables and Student’s t-test for continuous variables. Correlations
between all of the predictor variables were calculated. A population-weighted and multivari-
able-adjusted modified Poisson regression model with robust error variance for binary out-
come data was used to estimate prevalence ratios (PRs) and 95% confidence intervals (CIs) for
each of 0–49% and 50–74% vs. 75–100% perceived probability of survival [40]. These two levels
of the outcome were predicted separately because the proportional odds assumption was vio-
lated when an ordinal regression model was tested. All predictor variables that were associated
with PLE with p<0.10 in bivariate analysis were included in the model. Net non-pension
wealth and BMI were trimmed from the model, as these two variables were missing data on
>5% of observations and they were non-statistically significant in the model with their
removal not altering other effect estimates by10% [41]. Population weights that adjusted for
differences in the propensity to respond amongst key population subgroups were applied to all
models. The population weights were calculated at each data collection wave of ELSA, itera-
tively adjusting for non-response at all waves using data from the UK 2001 Census to charac-
terize the target general population [42]. Tolerance and variance of inflation factors (VIF)
were calculated to assess collinearity in the model, with tolerance values of<0.10 and VIF val-
ues of>10 indicating possible collinearity [43]. All analyses were conducted at the 95% confi-
dence level using StataSE 13.1 (College Station, TX).
Sensitivity analyses
We conducted two sensitivity analyses. The first excluded responses of 0% (n = 198) and 100%
(n = 471) to assess whether the respondents who made these particular focal point errors were
misclassified in a way that affected the results. The second was an exploratory re-analysis of
the model stratified by age at<65 vs.65 years. This was done to assess whether age might
modify responses to the PLE question, as the expectation to live another 10–15 years might
mean different things to respondents at either end of the age range in this study. The continu-
ous variable for age was coded per year in the stratified model rather than per 10 years as in
the full sample model, otherwise all variables were the same as in the full sample model.
Results
Missing data and final sample size
Of the eligible 7909 participants, 110 (1.4%) did not respond to the life expectancy question
and were excluded. Of the remaining 7799 eligible participants, 1137 (15%) were missing data
on at least one predictor variable, although less than 5% of data were missing for any single
variable. The final multivariable model predicting PLE therefore included a total of 6662 par-
ticipants (85% of eligible). Missing data are summarized and the characteristics of participants
with missing data are presented in Table B in S1 File.
Sample characteristics
Participant characteristics are shown in Table 1. Overall, 1208/6662 participants reported a
low PLE (18%), 2806/6662 reported a medium PLE (42%), and 2648/6662 reported a high PLE
(40%). One-third of participants reported having a higher education degree (35%; 2310/6662),
while one-fifth reported having no educational qualifications (20%; 1309/6662). Most were
married or cohabiting (77%; 5132/6662) and just under half were male (45%; 3006/6662). The
mean age was 64.5 years (standard deviation [SD]: 7.4 years). The mean reported age of
Biopsychosocial predictors of perceived life expectancy in a national sample of older men and women
PLOS ONE | https://doi.org/10.1371/journal.pone.0189245 December 14, 2017 6 / 16
Table 1. Participant characteristics, the English longitudinal study of ageing, 2012–13 (n = 6662).
Participant Characteristics N (%)
Perceived life expectancy
0–49% 1208 (18%)
50–74% 2806 (42%)
75–100% 2648 (40%)
Sociodemographic factors
Educational attainment
Higher education 2310 (35%)
Intermediate 3043 (46%)
No qualifications 1309 (20%)
Wealth quintilea
5 (richest) 1403 (22%)
4 1365 (22%)
3 1294 (21%)
2 1218 (19%)
1 (poorest) 1002 (16%)
Married or cohabitinga 5132 (77%)
Biomedical factors
Age (mean; SD) 64.5 (7.4)
Mother’s age at death (mean; SD) 77.8 (12.6)
Father’s age at death (mean; SD) 72.8 (13.2)
Male sex 3006 (45%)
Depressive symptomsa 1436 (22%)
Cardiovascular diseasea 604 (9%)
Cancera 242 (4%)
Diabetesa 668 (10%)
Chronic lung diseasea 279 (4%)
BMI (mean; SD) 28.3 (5.2%)
BMI30 1708 (31%)
Health behaviors
Current smoking 785 (12%)
Alcohol consumption
Abstainer 777 (12%)
Not excessive 4420 (66%)
Excessive 1465 (22%)
Fruit & vegetable intake <5 per day 2746 (41%)
Physical activity
None or mild 1166 (17%)
Moderate-to-vigorous 5496 (83%)
Psychological factors
Loneliness (max 9; mean; SD)a 4.0 (1.2)
Control (max 12; mean; SD) a 8.0 (2.4)
Autonomy (max 15; mean; SD) a 10.2 (2.7)
Life satisfaction (max 15; mean; SD) a 10.1 (3.1)
Pleasure (max 15; mean; SD) a 13.1 (2.3)
Perceived social status (max 100; mean; SD) a 59.0 (17.2)
Self-rated health
Poor 402 (6%)
(Continued )
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mother currently or at death was 77.8 years (SD: 12.6 years), and mean reported age of father
at currently or at death was 72.8 years (SD: 13.2 years). The biomedical, health behavioral, and
psychological characteristics of participants are also shown in Table 1. The correlations
between all variables were of moderate to weak strength (Table C in S1 File). The tolerance
and VIF values revealed no collinearity between variables (Table D in S1 File).
Sociodemographic factors
Educational attainment and marital/cohabiting status were not associated with PLE (Table 2).
Biomedical factors
For each 10-year increase in age, the PR for reporting a medium PLE increased by 16%
(PR = 1.16; 95% CI: 1.10–1.22) and the PR for reporting a low PLE increased by 64%
(PR = 1.64; 95% CI: 1.50–1.78; Table 2). Ages of mother and father currently or at death were
also associated with PLE, where those with an older age of a parent at death were less likely to
report a medium or low PLE (Table 2). Men more often reported a low PLE than women
(PR = 1.14; 95% CI: 1.02–1.26; Table 2). Depressive symptoms, cardiovascular disease, and
chronic lung conditions were not associated with PLE. A diagnosis of cancer was associated
with reporting a medium or a low PLE (PR = 1.24; 95% CI: 1.03–1.49 for low PLE; Table 2).
Having diabetes was associated with reporting a low PLE, although the lower limit of the 95%
CI just crossed the null (PR = 1.11; 95% CI: 0.98–1.25).
Health behaviors
Current smokers were more likely than former or non-smokers to report a medium or PLE
(PR = 1.13; 95% CI: 1.03–1.24 for medium PLE; PR = 1.39; 95% CI: 1.22–1.59). Engagement in
weekly moderate-to-vigorous physical activity was associated with reporting a medium
(PR = 1.14; 95% CI: 1.05–1.25) or low PLE (PR = 1.15; 95% CI: 1.01–1.32; Table 2). Excessive
alcohol consumption (vs. non-excessive) was associated with reduced likelihood of reporting a
medium PLE (PR = 0.85; 95% CI: 0.73–0.99), although all other categories of alcohol consump-
tion were not associated with PLE (Table 2).
Psychological factors
Loneliness was inversely associated with PLE, with PR = 0.94 (95% CI: 0.93–0.99) for low PLE
with increasing loneliness quartile (Table 2). A higher sense of control over life was also
inversely associated with reporting a low PLE in a dose-response fashion, with PR = 0.96 (95%
CI: 95% CI: 0.93–0.99) per increasing quartile of control. Life satisfaction was associated with
low PLE in a dose-response fashion, with PR = 0.91 (95% CI: 0.84–0.98) per increasing quar-
tile. The other two domains of the CASP-19, autonomy and pleasure, were not independently
Table 1. (Continued)
Participant Characteristics N (%)
Fair 1128 (17%)
Good 2118 (32%)
Very good 2097 (32%)
Excellent 917 (14%)
aThese variables are in addition to those originally included in Griffin et al.’s biopsychosocial model of PLE
[10]
https://doi.org/10.1371/journal.pone.0189245.t001
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associated with PLE. Adults with a higher perceived social status were less likely to report a
medium or low PLE (PR = 0.91; 95% CI: 0.88–0.94 for low vs. high PLE, for every 10-point
increase out of 100). Self-rated health was inversely associated with low PLE, with PR = 0.75
(95% CI: 0.70–80) per each increasing level of self-rated health from ‘poor’ to ‘excellent’
(Table 2).
Sensitivity analyses
When respondents who gave themselves a 0% or 100% chance of living another 10–15 years
were excluded from the analysis, the results of the study were nearly identical to the original
analysis. When the model shown in Table 2 was stratified by age (<65 years vs.65), there
were a few small, non-significant differences in effect estimates (Tables E and F in S1 File). In
Table 2. Population-weighted and adjusted prevalence ratios (PRs) for medium and low vs. high perceived life expectancy (PLE) associated with
sociodemographic, biomedical, behavioral, and psychosocial factors, the English longitudinal study of ageing, 2012–13 (n = 6662).
Characteristic PRa
Medium PLE
95% CI PRb
Low PLE
95% CI
Sociodemographic factors
Intermediate education (vs. higher) 1.03 (0.95, 1.11) 1.04 (0.91, 1.19)
No educational qualifications (vs. higher) 1.03 (0.94, 1.13) 1.10 (0.95, 1.27)
Single marital statusc 1.05 (0.91, 1.21) 1.01 (0.90, 1.13)
Biomedical factors
Age (per 10 years) 1.16 (1.10, 1.22) 1.64 (1.50, 1.78)
Mother’s age at death (per 10 years) 0.95 (0.93, 0.97) 0.91 (0.88, 0.94)
Father’s age at death (per 10 years) 0.97 (0.95, 0.99) 0.92 (0.89, 0.95)
Male sex 1.03 (0.96, 1.10) 1.14 (1.02, 1.26)
Depressive symptomsc 0.97 (0.89, 1.06) 0.97 (0.86, 1.09)
Cardiovascular diseasec 0.88 (0.79, 0.98) 0.98 (0.86, 1.11)
Cancerc 1.25 (1.07, 1.45) 1.24 (1.03, 1.49)
Diabetesc 1.00 (0.89, 1.11) 1.11 (0.98, 1.25)
Chronic lung conditionc 1.08 (0.94, 1.25) 1.06 (0.92, 1.23)
Health behaviors
Current smoking 1.13 (1.03, 1.24) 1.39 (1.22, 1.59)
Any MVPA (vs. mild/no physical activity) 1.14 (1.05, 1.25) 1.15 (1.01, 1.32)
Less than five daily fruit or vegetable servings 1.06 (0.99, 1.13) 1.06 (0.95, 1.18)
Non-excessive alcohol drink (vs. abstainer) 0.95 (0.88, 1.02) 0.99 (0.84, 1.14)
Excessive alcohol drinker (vs. abstainer) 0.85 (0.73, 0.99) 1.00 (0.95, 1.18)
Psychological factors
Lonelinessc,d 0.96 (0.93, 0.99) 0.94 (0.90, 0.99)
Controlc,d 0.99 (0.97, 1.01) 0.96 (0.93, 0.99)
Autonomyc,d 1.01 (0.97, 1.05) 0.94 (0.88, 1.01)
Pleasurec,d 0.99 (0.94, 1.05) 0.99 (0.91, 1.08)
Life satisfactionc,d 0.91 (0.87, 0.95) 0.91 (0.84, 0.98)
Perceived social status (per 10 points)c 0.97 (0.95, 0.99) 0.91 (0.88, 0.94)
Self-rated healthd 0.89 (0.86, 0.93) 0.75 (0.70, 0.80)
aPR predicts medium (50–74%) vs. high (75–100%) PLE
bPR predicts low (0–49%) vs. high (75–100%) PLE
cThese variables are in addition to those originally included in Griffin et al.’s biopsychosocial model of PLE [10]
dPR is for increasing linear trend from the lowest to highest quartiles of the variable
https://doi.org/10.1371/journal.pone.0189245.t002
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general, the PRs for chronic diseases were stronger among the<65 age group, and the PRs for
the health behaviors were stronger in the65 age group, but the CIs overlapped for the PRs
between the two groups (Tables E and F in S1 File).
Discussion
In this large, population-based sample of men and women aged 50 to 79 years in England, we
found that the cross-sectional predictors of perceived life expectancy were consistent with
actual risk factors for mortality among older adults [29]. These predictors included current
chronological age, age of parents currently or at death, gender, smoking status, moderate-to-
vigorous physical activity, self-rated health, and the presence of chronic health conditions such
as cancer. In addition, we identified novel psychological predictors of PLE: sense of control
over one’s life, life satisfaction, and perceived social status. These results underscore the impor-
tance of understanding people’s expectations of future health in later life, building upon recent
literature linking psychological well-being to health and longevity [23,44–47]. The improve-
ment of psychological well-being among older adults may therefore have the benefit of
improving life expectancy perceptions. Our results should be corroborated in other studies.
Further, the predictors of longitudinal within-person changes in PLE, and effects of PLE on
health-related behaviors and outcomes should be investigated.
Comparison to existing literature
Although there is little research in this area, our results are consistent with Griffin et al.’s study
that tested predictors of PLE from their theoretical biopsychosocial model [10], as well as data
from the baseline 2002–03 wave of ELSA that validated PLE estimates against observed mortal-
ity over a six-year follow-up [48]. Consistent with Griffin et al., we found that education was
not associated with PLE; neither was net non-pension wealth in our study or annual household
income in their study. Older current age and older age of parents currently or at death and
smoking status were strong predictors of PLE in both their study and ours [10]. BMI and exer-
cise were not associated with PLE in Griffin et al.’s study, and we also observed no association
with BMI but an inverse relationship between exercise and PLE [10]. In our study, men were
more likely than women to report a low PLE, although Griffin et al. observed no gender differ-
ences. Griffin et al. did not find that the sum total of 13 different health conditions was associ-
ated with PLE, but we found that individual diagnoses of cancer and diabetes were associated
with reporting a low PLE. Some of these divergent findings may be due to the different mea-
sures of PLE used in each study (Griffin et al. asked respondents to report what age they think
they will live to; we asked respondents what they think is the percent chance they will live
another 10–15 years), as well as different operationalizations of the predictor variables, and dif-
ferences in sample composition. Finally, in both studies, psychological measures were strong
predictors of PLE (optimism and distress in Griffin et al.; control over life, life satisfaction, and
perceived social standing in our study), indicating that psychological state at the time of mea-
surement may be an important influence on mental conceptions of perceived life expectancy.
We newly identified that a low sense of control over life, low life satisfaction, and low per-
ceived social standing were associated with worse PLE in older adults in England. These factors
are associated with risk of all-cause mortality among older adults [23]. Their potential influ-
ence on expectations of longevity could result in engagement in negative health-related behav-
iors [13], and the subsequent development of health conditions that would raise mortality risk.
Improvement of global quality of life, including sense of control over life and life satisfaction,
could therefore be a target for system-level interventions and policies seeking to improve
health outcomes for older adults. Empowerment interventions have proven to be successful
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for improving health and well-being in patient samples, but have not typically been used with
‘healthy’ populations [49,50]. Health and social policies also have key roles to play in ensuring
that older adults have the opportunities necessary to lead fulfilling lives.
Smoking and moderate-to-vigorous physical activity, but not fruit and vegetable intake,
BMI, or alcohol consumption in the past year were associated with PLE. These results are con-
sistent with those produced by Adams et al., who used cross-sectional data from the baseline
2002–03 wave of the ELSA showing that PLE is predictive of smoking and physical activity,
but not alcohol consumption [13]. Adams et al. also investigated longitudinal relationships,
whereby low PLE at baseline was predictive of taking up or relapsing smoking and of declining
in physical activity levels over an eight-year period [13]. However, their findings may be con-
founded as they were not adjusted for health status or chronic conditions aside from limita-
tions in activities of daily living. Their study hypothesized the reverse direction of association
to our study, which is entirely plausible. Bidirectional relationships may exist between expecta-
tions of future longevity and health behaviors among older adults, and they require further
investigation. Our results are also consistent with a study showing that baseline smoking sta-
tus, but not baseline diet or BMI were prospectively associated with PLE as an outcome after a
three-year follow-up [10]. However, diet and exercise have been positively associated with PLE
in a cross-sectional study [11]. The causality of relationships between health behaviors and
PLE, the duration of time between engagement in a behavior and its potential influence on
PLE, and whether or not bidirectional relationships might exist between behavior and PLE,
require further investigation. If low PLE is perceived as an uncontrollable threat to health that
would negatively affect future health-related behaviors, as indicated in two recent longitudinal
studies of older adults [13,14], then health practitioners should take this barrier into account
when giving advice to older patients.
While educational attainment was not significantly associated with PLE in our study, other
evidence shows that adults with low socioeconomic status often downgrade or inaccurately esti-
mate their remaining life expectancy [48,51,52]. Research using the baseline 2002–03 wave of
the ELSA found that older adults and those with lower income were more inaccurate in their
PLE estimates than younger and wealthier adults, when PLE estimates were validated against
six-year mortality data [48]. A similar phenomenon has been observed with self-rated health,
where socioeconomically disadvantaged adults in the U.S. were more likely to downgrade their
health than more advantaged adults [53]. Given that PLE appears predictive of future health
behaviors and mortality risk, then lowered expectations of future longevity among socioeco-
nomically deprived adults, especially if inaccurate, may contribute to social inequalities in
health. This issue deserves more attention in public health research and interventions.
Limitations and strengths
An important caveat of this study is that we do not know whether or to what degree partici-
pants may have taken the factors we investigated into account when responding to the study
interview question on PLE. Consequently, some associations may be due to residual confound-
ing. An example is if having a poor self-rated health is associated with an unmeasured diagno-
sis that influenced a person’s PLE estimate, then the effect of the unmeasured diagnosis would
be attributed to the self-rated health measure. The variables included in the current analysis
were selected based on being either established risk factors for health outcomes or low PLE in
older adults, or, because they could plausibly be associated with expectations of longevity
based on a biopsychosocial model of PLE [10]. A more readily interpretable question about
PLE, rather than the probability-based measure used in the ELSA, could be a measure of what
age the respondent thinks they live to.
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The categorization of the PLE variable resulted in some loss of information on this variable,
although the categorization was essential to reduce focal point bias caused by measurement
error in the variable. Although the categorization resulted in lower sensitivity to detect associa-
tions of small magnitude, the prevalence ratios are estimated precisely with the large sample
size of this study. Our PLE measure has been associated with actual mortality risk and prospec-
tive health behaviors such as uptake of cancer screening [3,13,14], and the predictors of PLE
identified in this study are consistent with strong risk factors for 10-year all-cause mortality in
the ELSA study population [29], underscoring the validity of our PLE measure. Overall, our
study adds empirical evidence to support some aspects of Griffin’s original model, and builds
upon it by including additional psychological factors related to quality of life. In order to refine
understanding of how mental models of longevity are actually formed and maintained, in-
depth qualitative research that directly asks participants about how they develop their expecta-
tions of their future longevity would be useful.
Another important area for future research is on the longitudinal and possibly bidirectional
relationships between the biopsychosocial predictors under study here and PLE. Longitudinal
study designs can help establish the temporality of associations, as well as the duration, timing
in life, potential lag periods, and ‘dose’ of ‘exposure’ to any of the predictors under study here
and PLE. For example, we identified that engaging in any moderate-to-vigorous physical activ-
ity (MVPA) was positively associated with PLE. The lifetime duration of MVPA, changes to
MVPA, and the typical frequency and types of MVPA that may be associated with PLE over
time are unknown. It might take a long duration of habitual MVPA to potentially influence
mental models of PLE, whereas, for example, a diagnosis of a chronic disease such as cancer
may affect one’s PLE estimate very quickly. The amount of theory and empirical evidence to
build rationale for the expected nature of longitudinal influences on PLE is growing, with this
study making a contribution to this area. Future research could utilize longitudinal models to
assess the time-varying predictors that may influence within-person changes in PLE during
aging.
Finally, ethnic differences in PLE could not be investigated, as only 3% of the sample
reported belonging to a non-white ethnicity [26]. Although a total of 15% of data was missing,
less than 5% of observations was missing for any one variable that had missing data. Respon-
dents with any missing data were more likely to be older, to be male, to have worse health
behaviors, to have lower CASP-19 scores, and lower self-rated health than those with complete
data. As these factors were associated with low PLE in the final model, our effect estimates are
likely underestimates of the true associations with PLE. The prevalence of low PLE is also an
underestimate in our study due to missing data, and may be higher in the UK general popula-
tion in reality. To account for any potential bias introduced by differential non-responses to
the study, we used iteratively calculated population-based weights that were developed using
the 2001 UK Census data [42]. The weights iteratively accounted for non-response to all waves
of the ELSA to ensure that all estimated RRs were representative of the target general UK pop-
ulation. The main strength of this study is the rich data we had on a wide segment of the older
English population, which allowed for the investigation of multiple sociodemographic, bio-
medical, behavioral, and psychological predictors of PLE using population-representative
models.
Conclusions
This study demonstrates that the predictors of people’s perceptions of their life expectancy are
similar to actual risk factors for mortality. We newly identified that psychological indicators of
well-being are associated with people’s expectations about their longevity: sense of control
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over life, life satisfaction, and perceived social standing. The consistency between the predic-
tors of PLE in our study and known risk factors for mortality indicate that PLE may be a useful
construct in health research. Our results may form a basis for future in-depth qualitative
research that aims to understand how people develop their mental models of personal future
longevity. Quantitative research of longitudinal design could also examine the stability of PLE
estimates over time in response to various aspects of the aging process, as well as the possible
birectional relationships between these factors and PLE in older adults. This is a rich area for
future research. PLE might be a psychologically salient variable for health decision-making,
behavior, and outcomes in later life that should be accounted for in future studies when appro-
priate, and investigated in its own right.
Supporting information
S1 File. Comparison of PLE with objective 10-year mortality risk.
(PDF)
Acknowledgments
We thank Professor Jane Wardle (1950–2015) for her valuable feedback on an early draft of
this manuscript.
Author Contributions
Conceptualization: Lindsay C. Kobayashi, Rebecca J. Beeken, Susanne F. Meisel.
Data curation: Lindsay C. Kobayashi.
Formal analysis: Lindsay C. Kobayashi.
Funding acquisition: Rebecca J. Beeken.
Investigation: Lindsay C. Kobayashi.
Methodology: Lindsay C. Kobayashi, Rebecca J. Beeken, Susanne F. Meisel.
Project administration: Lindsay C. Kobayashi, Rebecca J. Beeken, Susanne F. Meisel.
Resources: Rebecca J. Beeken.
Supervision: Rebecca J. Beeken, Susanne F. Meisel.
Validation: Lindsay C. Kobayashi.
Visualization: Lindsay C. Kobayashi.
Writing – original draft: Lindsay C. Kobayashi.
Writing – review & editing: Lindsay C. Kobayashi, Rebecca J. Beeken, Susanne F. Meisel.
References
1. Carstensen LL. The influence of a sense of time on human development. Science. 2006; 312
(5782):1913–15. https://doi.org/10.1126/science.1127488 PMID: 16809530
2. Roberto CA, Kawachi I, editors. Behavioral economics and public health. 1st ed. New York: Oxford
University Press; 2015. 384 p.
3. Hurd MD, McGarry K. The predictive validity of subjective probabilities of survival. Econ J. 2002; 112
(482):966–985. https://doi.org/10.1111/1468-0297.00065
4. Department of Economic and Social Affairs, Population Division, United Nations. World Population Age-
ing 2015. New York: United Nations; 2015. 164 p. Report no.: ST/ESA/SER.A/390.
Biopsychosocial predictors of perceived life expectancy in a national sample of older men and women
PLOS ONE | https://doi.org/10.1371/journal.pone.0189245 December 14, 2017 13 / 16
5. Hamermesh DS. Expectations, life expectancy, and economic behavior. Q J Econ. 1985; 100(2):389–
408.
6. Griffin B, Hesketh B, Loh V. The influence of subjective life expectancy on retirement transition and
planning: a longitudinal study. J Voc Behav. 2012; 81(2); 129–137. https://doi.org/10.1016/j.jvb.2012.
05.005
7. Hurd MD. Subjective probabilities in household surveys. Annu Rev Econ. 2009; 1(1):543–62. https://
doi.org/10.1146/annurev.economics.050708.142955 PMID: 21643535
8. Van Solinge H, Henkens K. Living longer, working longer? the impact of subjective life expectancy on
retirement intentions and behaviour. Eur J Public Health. 2010; 20(1):47–51. https://doi.org/10.1093/
eurpub/ckp118 PMID: 19822568
9. Ziegelmann JP, Lippke S, Schwarzer R. Subjective residual life expectancy in health self-regulation. J
Gerontol B Psychol Sci Soc Sci. 2006; 61(4):P195–P201. https://doi.org/10.1093/geronb/61.4.P195
PMID: 16855031
10. Griffin B, Loh V, Hesketh B. (2013). A mental model of factors associated with subjective life expec-
tancy. Soc Sci Med. 2013; 82:79–86. https://doi.org/10.1016/j.socscimed.2013.01.026 PMID:
23453320
11. Ross CE, Mirowsky J. Family relationships, social support and subjective life expectancy. J Health Soc
Behav. 2002; 43(4):469–89. https://doi.org/10.2307/3090238 PMID: 12664677
12. Wuebker A. Who gets a mammogram amongst European women aged 50–69 years? Health Econ
Rev. 2012; 2(1):6. https://doi.org/10.1186/2191-1991-2-6 PMID: 22828268
13. Adams J, Stamp E, Nettle D, Milne EMG, Jagger C. Anticipated survival and health behaviours in older
English adults: cross sectional and longitudinal analysis of the English Longitudinal Study of Ageing.
PLOS One. 2015; 10(3):e0118782. https://doi.org/10.1371/journal.pone.0118782 PMID: 25799199
14. Kobayashi LC, von Wagner C, Wardle J. Perceived life expectancy is associated with colorectal cancer
screening in England. Ann Behav Med. 2017; 51(3):327–36. https://doi.org/10.1007/s12160-016-9855-
z PMID: 27822612
15. Boyd JN, Zimbardo PG. Time perspective, health, and risk taking. In: Strathman A, Joireman J, editors.
Understanding behavior in the context of time: theory, research, and application. Mahwah, NJ: Law-
rence Erlbaum Associates; 2005. p. 85–107.
16. Whitaker KL, Good A, Miles A, Robb K, Wardle J, von Wagner C. Socioeconomic inequalities in colorec-
tal cancer screening uptake: Does time perspective play a role? Health Psychol. 2011; 30(6):702–9.
https://doi.org/10.1037/a0023941 PMID: 21639637
17. Adams J. The role of time perspective in smoking cessation amongst older English adults. Health Psy-
chol. 2009; 28(5):529–34. https://doi.org/10.1037/a0015198 PMID: 19751078
18. Gellert P, Ziegelmann JP, Lippke S, Schwarzer R. Future time perspective and health behaviors: tem-
poral framing of self-regulatory processes in physical exercise and dietary behaviors. Ann Behav Med.
2012; 43(2):208–18. https://doi.org/10.1007/s12160-011-9312-y PMID: 22015438
19. Kahana E, Kahana B, Zhang J. Motivational antecedents of preventive proactivity in late life: linking
future orientation and exercise. Motiv Emotion. 2005; 29(4):438–59.
20. Mann T. Effects of future writing and optimism on health behaviors in HIV-infected women. Ann Behav
Med. 2001; 23(1):26–33. https://doi.org/10.1207/S15324796ABM2301_5 PMID: 11302353
21. von Wagner C, Good A, Smith SG, Wardle J. Responses to procedural information about colorectal
cancer screening using faecal occult blood testing: The role of consideration of future consequences.
Health Expect. 2012; 15(2);176–86. https://doi.org/10.1111/j.1369-7625.2011.00675.x PMID:
21501350
22. Hesketh B, Griffin B, Loh V. A future-oriented retirement transition and adjustment framework. J Vocat
Behav. 2011; 79:303e314
23. Steptoe A, Deaton A, Stone AA. Subjective wellbeing, health, and ageing. Lancet. 2015; 385
(9968):640–8. https://doi.org/10.1016/S0140-6736(13)61489-0 PMID: 25468152
24. Grundy E, Holt G. The socioeconomic status of older adults: How should we measure it in studies of
health inequalities? J Epidemiol Community Health. 2001; 55: 895–904. https://doi.org/10.1136/jech.
55.12.895 PMID: 11707484
25. Demakakos P, Nazroo J, Breeze E, Marmot M. Socioeconomic status and health: the role of subjective
social status. Soc Sci Med. 2008; 67:330–40. https://doi.org/10.1016/j.socscimed.2008.03.038 PMID:
18440111
26. Steptoe A, Breeze E, Banks J, Nazroo J. Cohort profile: The English Longitudinal Study of Ageing. Int J
Epidemiol. 2013; 42(6):1640–8. https://doi.org/10.1093/ije/dys168 PMID: 23143611
Biopsychosocial predictors of perceived life expectancy in a national sample of older men and women
PLOS ONE | https://doi.org/10.1371/journal.pone.0189245 December 14, 2017 14 / 16
27. Romm AT. An interpretation of focal point responses as non-additive beliefs. Judgm Decis Mak. 2014; 9
(5):387–402.
28. Manski CF, Molinari F. Rounding probabilistic expectations in surveys. J Bus Econ Stat. 2010; 28
(2):219–31. https://doi.org/10.1198/jbes.2009.08098 PMID: 20368764
29. Kobayashi LC, Jackson SE, Lee SJ, Wardle J, Steptoe A. The development and validation of an index
to predict 10-year mortality risk in a longitudinal cohort of older English adults. Age Ageing. 2017; 46
(3):427–32. https://doi.org/10.1093/ageing/afw199 PMID: 27810854
30. Radloff LS. The CES-D scale: a self-report depression scale for research in the general population.
Appl Psychol Meas. 1977; 1:385–401.
31. NHS Choices. Alcohol units and guidelines: the lower risk daily guidelines [Internet]. Change 4 Life.
2015 [cited 2017 Jul 23]. http://www.nhs.uk/change4life/Pages/alcohol-lower-risk-guidelines-units.aspx
32. Hamer M, de Oliveira C, Demakakos P. Non-exercise physical activity and survival: English Longitudi-
nal Study of Ageing. Am J Prev Med. 2014; 47: 452–460. https://doi.org/10.1016/j.amepre.2014.05.
044 PMID: 25049216
33. World Health Organization. Global Recommendations on Physical Activity for Health. Geneva; 2010.
34. National Health Service. 5 A DAY [Internet]. NHS Choices. 2013 [cited 2017 Apr 23]. http://www.nhs.uk/
livewell/5aday/Pages/5ADAYhome.aspx
35. Kvaavik E, Batty D, Ursin G, Huxley R, Gale C. Influence of individual and combined health behaviors
on total and cause-specific mortality in men and women: The United Kingdom Health and Lifestyle Sur-
vey. Arch Intern Med. 2011; 170: 711–719.
36. Khaw KT, Wareham N, Bingham S, Welch A, Luben R, Day N. Combined impact of health behaviours
and mortality in men and women: the EPIC-Norfolk prospective population study. PLOS Med. 2008; 5:
e12. https://doi.org/10.1371/journal.pmed.0050012 PMID: 18184033
37. Wiggins R, Netuveli G, Hyde M, Higgs P, Blane D. The evaluation of a self-enumerated scale of quality
of life (CASP-19) in the context of research on ageing: a combination of exploratory and confirmatory
approaches. Soc Ind Res. 2008; 89(1):61–77. https://doi.org/10.1007/s11205-007-9220-5
38. Russell DW. UCLA Loneliness Scale (Version 3): reliability, validity, and factor structure. J Pers Assess.
1996; 66(1):20–40. https://doi.org/10.1207/s15327752jpa6601_2 PMID: 8576833
39. Idler E, Benyamini Y. Self-rated health and mortality: a review of twenty-seven community studies. J
Health Soc Behav. 1997; 38:21–37. PMID: 9097506
40. Zou G. A modified poisson regression approach to prospective studies with binary data. Am J Epide-
miol. 2004; 159(7):702–6. https://doi.org/10.1093/aje/kwh090 PMID: 15033648
41. Rothman K, Greenland S, Lash TL, editors. Modern Epidemiology. 3rd ed. Philadelphia: Lippincott-
Raven; 2008. 758 p.
42. Bridges S, Hussey D, Blake M, Philo D. Methodology. In: Banks J, Nazroo J, Steptoe A. The Dynamics
of Ageing: Evidence from the English Longitudinal Study of Ageing 2002–2012. London: The Institute
for Fiscal Studies; 2014. p. 132–61.
43. Hair JF Jr, Anderson RE, Tatham RL, Black WC. Multivariate Data Analysis. New York: Macmillan;
1995.
44. Diener E, Chan MY. Happy people live longer: subjective well-being contributes to health and longevity.
Appl Psychol Health Well Being. 2011; 3(1):1–43. https://doi.org/10.1111/j.1758-0854.2010.01045.x
45. Arora A, Spatz E, Herrin J, Riley C, Roy B, Coberley C, et al. Population well-being measures help
explain geographic disparities in life expectancy at the county level. Health Aff. 2016; 35:2075–82.
46. Chida Y, Steptoe A. Positive psychological well-being and mortality: a quantitative review of prospective
observational studies. Psychosom Med. 2008; 70:741–56. https://doi.org/10.1097/PSY.
0b013e31818105ba PMID: 18725425
47. Martin-Maria N, Miret M, Caballero FF, Rico-Uribe LA, Steptoe A, Chatterji S, et al. The impact of sub-
jective well-being on mortality: a meta-analysis of longitudinal studies in the general population. Pyscho-
som Med. 2017; 79:565–75. https://doi.org/10.1097/PSY.0000000000000444 PMID: 28033196
48. Adams J, Stamp E, Nettle D, Milne EM, Jagger C. Socioeconomic position and the association between
anticipated and actual survival in older English adults. J Epidemiol Community Health. 2014; 68
(9):818–25. https://doi.org/10.1136/jech-2014-203872 PMID: 24829254
49. Kuijpers W, Groen WG, Aaronson NK, Van Harten WH. A systematic review of web-based interventions
for patient empowerment and physical activity in chronic diseases: relevance for cancer survivors. J
Med Internet Res. 2013; 15(2):e37. https://doi.org/10.2196/jmir.2281 PMID: 23425685
50. McMillan SS, Kendall E, Sav A, King MA., Whitty JA, Kelly F, et al. Patient-centered approaches to
health care: a systematic review of randomized controlled trials. Med Care Res Rev. 2013; 70(6):567–
96. https://doi.org/10.1177/1077558713496318 PMID: 23894060
Biopsychosocial predictors of perceived life expectancy in a national sample of older men and women
PLOS ONE | https://doi.org/10.1371/journal.pone.0189245 December 14, 2017 15 / 16
51. Mirowsky J, Ross CE. Socioeconomic status and subjective life expectancy. Soc Sci Q. 2000; 63
(2):131–52.
52. Popham F, Mitchell R. Self-rated life expectancy and lifetime socio-economic position: cross-sectional
analysis of the British household panel survey. Int J Epidemiol. 2007; 36(1):58–65. https://doi.org/10.
1093/ije/dyl241 PMID: 17092949
53. Zajacova A, Dowd JB. Reliability of self-rated health in US adults. Am J Epidemiol. 2011; 174(8):977–
83. https://doi.org/10.1093/aje/kwr204 PMID: 21890836
Biopsychosocial predictors of perceived life expectancy in a national sample of older men and women
PLOS ONE | https://doi.org/10.1371/journal.pone.0189245 December 14, 2017 16 / 16
